Heterotopic ossification following joint replacement in the lower limb occurs in 3% to 90% of cases. Higher grades of heterotopic ossification can result in significant limitation of function and can negate the benefits of joint replacement. The understanding of the pathophysiology of this condition has improved in recent years. It would appear to be related to a combination of systemic and local factors, including over-expression of bone morphogenetic protein-4. There is currently little evidence to support the routine use of prophylaxis for heterotopic ossification in arthroplasty patients, but prophylaxis is recommended by some for high-risk patients. Radiotherapy given as one dose of 7 Gy to 8 Gy, either pre-operatively (< four hours before) or post-operatively (within 72 hours of surgery), appears to be more effective than indometacin therapy (75 mg daily for six weeks). In cases of prophylaxis against recurrent heterotopic ossification following excision, recent work has suggested that a combination of radiotherapy and indometacin is effective. Advances in our understanding of this condition may permit the development of newer, safer treatment modalities.
Heterotopic ossification following joint replacement in the lower limb occurs in 3% to 90% of cases. Higher grades of heterotopic ossification can result in significant limitation of function and can negate the benefits of joint replacement. The understanding of the pathophysiology of this condition has improved in recent years. It would appear to be related to a combination of systemic and local factors, including over-expression of bone morphogenetic protein-4. There is currently little evidence to support the routine use of prophylaxis for heterotopic ossification in arthroplasty patients, but prophylaxis is recommended by some for high-risk patients. Radiotherapy given as one dose of 7 Gy to 8 Gy, either pre-operatively (< four hours before) or post-operatively (within 72 hours of surgery), appears to be more effective than indometacin therapy (75 mg daily for six weeks). In cases of prophylaxis against recurrent heterotopic ossification following excision, recent work has suggested that a combination of radiotherapy and indometacin is effective. Advances in our understanding of this condition may permit the development of newer, safer treatment modalities.
Heterotopic ossification (HO) is the abnormal formation of mature lamellar bone in soft tissues. It was first described in 1883 by Reidel, a German physician. 1 The condition has since acquired many names, including paraosteoarthropathy, myositis ossificans, periarticular new bone formation, periarticular ectopic ossification, neurogenic osteoma, neurogenic ossifying fibromyopathy and heterotopic calcification. 2 Heterotopic ossification is a clear and accurate descriptive term which is now used throughout the literature.
Although HO can occur after local or neurological trauma and as a result of genetic disorders, this review describes our current understanding of the disease and the methods of prophylaxis and treatment when it occurs following the soft-tissue trauma related to joint replacement in the lower limb.
Clinical presentation
Heterotopic ossification following primary replacement of the hip or knee is typically asymptomatic and is most commonly identified as an incidental radiological finding. When symptomatic, it presents with a reduced range of movement and may lead to a poor outcome following replacement. Pain is uncommon, but can occur. Soft-tissue signs are uncommon around the hip owing to the significant soft-tissue cover, but localised warmth, mild oedema and erythema may occur, masquerading as signs of infection.
3 HO can be detected on a bone scan as early as three weeks after operation, with increased uptake in the soft tissues surrounding the hip. Plain radiographs will not reveal any abnormality for four to six weeks. 3 The increased bone turnover that occurs in HO can be detected as early as one week after surgery, with excessive rises in the specific osteoclastic and osteoblastic markers (CTX-1 and P1NP) detected in venous blood. 4 Extensive bone formation may occur within three months but full maturation of bone takes up to one year.
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Classification
HO is most commonly classified using the Brooker system 6 ( Fig. 1) . This is based on the appearance of ossification on a plain anteroposterior radiograph of the hip (Figs 2 and 3):
Grade 1: Islands of bone lie within the soft tissues about the hip.
Grade 2: Bony spurs protrude from either the femur or the pelvis, with a gap of more than 1 cm between opposing bony ends.
Grade 3: The gaps between the spurs are less than 1 cm.
Grade 4: Apparent ankylosis of the hip due to the heterotopic ossification.
It has been shown that presence of grade 1 or 2 HO does not influence the outcome of total hip replacement (THR) whereas grades 3 and 4 are associated with a less favourable outcome. 7 Schmidt and Hackenbroch 8 suggested an alternative, more complex grading system, although this is little used and will not be described here.
Aetiology and pathophysiology
The aetiology of HO can be broadly divided into traumatic, neurological and genetic, with that following arthroplasty falling into the traumatic group. The abductor compartment is most commonly involved. 5 The osteoblastic cell responsible for HO is believed to result from inappropriate differentiation of pluripotent mesenchymal stem cells. 1 The definitive causal factor for this is not yet clear, but it seems likely that there is an interplay between local and systemic factors. Overexpression of bone morphogenetic protein-4 (BMP-4) has been shown to occur in fibrous dysplasia ossificans progressiva, 9 a genetic form of HO, and inhibition of BMP-4 by Noggin (a BMP antagonist) has recently been shown to prevent HO in three separate experimental models. 10 Prostaglandin-E 2 has been proposed as one responsible systemic factor, a hypothesis underpinned by the observation that inhibitors of prostaglandins, particularly indometacin, significantly reduce the incidence of HO. Radiograph showing the development of heterotopic ossification following resurfacing arthroplasty a) at two months (grade 2) and b) at 4 months (grade 3). 
Incidence and risk factors
Following THR the incidence of HO has been recorded to be between 5% and 90%. 6, [12] [13] [14] [15] [16] However, the incidence of clinically significant HO (grade III/IV) varies from 3% to 7%. 14, 17 The incidence following total knee replacement (TKR) is somewhat lower. One of the largest series in the literature followed up 500 consecutive patients with TKR and found an incidence of 15% of all grades, 18 but of those only 1% (four patients) were symptomatic. The authors also noted that the degree of pre-operative deformity appeared to be related to the severity of HO. Other studies have described incidences ranging from 3.8% to 39% in primary TKR, [19] [20] [21] [22] [23] and 56% in revision TKR 24 (Table I) . Risk factors for HO around the hip include male gender, 25 old age, a history of HO in the ipsilateral or contralateral hip, 15 a pre-existing hip fusion, hypertrophic osteoarthritis, 15, 16 ankylosing spondylitis, 5,26 diffuse idiopathic skeletal hyperostosis, 27 Paget's disease, posttraumatic arthritis, osteonecrosis, and rheumatoid arthritis. Patients with a previous history of HO in an ipsilateral joint are at greater risk of developing HO than those in whom previous HO was on the contralateral side. 28 Risk factors that are related to surgical technique and which are potentially modifiable include the extent of softtissue dissection, bone trauma, persistence of bone debris (reamings, marrow or dust within the surgical field) and the presence of a haematoma. Whether the surgical approach influences the incidence of HO is debatable. Morrey, Adams and Cabanela 29 showed no significant difference in the rate of HO between the anterolateral, transtrochanteric and posterior approaches, and Purtill et al 30 supported this view showing no significant difference between the anterolateral and transtrochanteric approaches. However, Ashton et al 28 found that the posterior approach was associated with a lower rate of HO than the anterolateral or transtrochanteric approaches. Similarly, there is no convincing evidence to suggest that uncemented or cemented implants have a higher level of ossification. [31] [32] [33] [34] Intra-operative release of the psoas tendon is known to be associated with HO formation in this region. 35 
Treatment of symptomatic HO
Patients who develop clinically significant HO may suffer severe limitation of mobility owing to joint stiffness. Treatment may be conservative or operative. Conservative management includes intensive physiotherapy during the maturation phase of the disease in an attempt to limit the final stiffness. We are not aware of any data regarding the effectiveness of this treatment. There is no role for nonsteroidal anti-inflammatory drugs (NASAIDs) or radiotherapy as a treatment for pre-existing HO. Surgical treatment involves excision of the heterotopic bone and can be expected to improve the functional outcome. One study described excision of HO in 53 patients following THR, with an increase in all movements (mean values: flexion 34˚, abduction 22˚ and rotation 21˚). 36 There is little information concerning excision of HO causing symptoms following knee replacement. 37 Our current practice is to postpone surgical excision until maturation of the ossification, typically at 12 to 24 weeks. Our technique for excision uses a safety-first approach. Adequate exposure is paramount and identification of the neurovascular structures is mandatory. In particular, the sciatic nerve should be isolated and protected throughout dissection of the ossification about the hip. Ectopic bone should be removed from surrounding soft tissues with sharp dissection, staying on bone wherever possible. The plane between HO and true cortex can easily be defined by gentle excavation of the ossification with an osteotome, when the true cortex will be revealed as a denser, tougher layer of bone. This plane can then be used to lift off the ossified layer from the femur. Some form of prophylaxis against HO should be used in these patients, and the methods available are discussed below.
Prophylaxis against HO formation
Patients with a high risk of developing HO are often given prophylactic treatment following primary or revision arthroplasty. All patients undergoing excision of symptomatic HO should also receive some form of prophylaxis. The two main treatments available are radiation therapy and NSAIDs. Bisphosphonates have been used in the past, but their use has been discontinued as they only postpone ossification until treatment is stopped.
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Prophylaxis with NSAIDs. NSAIDs act by inhibiting the production of prostaglandins, particularly prostaglandin-E 2 . Potential side effects include gastrointestinal bleeding, renal impairment and exacerbation of asthma. The risk of bleeding may be further increased in patients on warfarin, owing to the antiplatelet effects of NSAIDs and interaction between the two drugs, but there is disagreement in the lit- erature and some studies suggest that concomitant treatment is safe. 39 The use of NSAIDs to prevent the formation of HO following hip replacement has been the subject of a Cochrane Review. 40 A total of 16 randomised trials totalling nearly 5000 patients were included. Peri-operative NSAIDs were seen to reduce the incidence of HO by between one-half and two-thirds. However, there was a lack of data concerning any long-term benefits, such as pain control and mobility, and some patients receiving NSAIDs experienced gastrointestinal side effects.
The efficacy of indometacin in preventing HO has been demonstrated in many studies. 11, [41] [42] [43] [44] The most common treatment is to give 25 mg three times a day for five to six weeks. This treatment is attractive because of its simplicity and low cost. Indometacin has been shown to increase the rate of nonunion in fractures of long bones. 45 This may be of concern when the operation is performed through a trochanteric osteotomy or when uncemented components are used as both these techniques rely on bony union for success.
The HIPAID (safety and efficacy of routine postoperative ibuprofen for pain and disability related to ectopic bone formation after hip replacement surgery) study randomised patients to receive a placebo or ibuprofen 1200 mg daily following elective primary or revision hip replacement. 46 There was a significant decrease in the risk of developing HO of any grade (relative risk 0.69) and in the risk of developing Brooker grade 3 or 4 HO (relative risk 0.44) in those receiving ibuprofen. However, this did not translate into any meaningful change in clinical outcome, as there was no significant difference in pain in the hip or physical function between the two groups. Furthermore, there was an increased risk of major bleeding complications in the ibuprofen group (risk ratio 2.09, p = 0.046).
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Prophylaxis with radiotherapy. Several studies have shown the efficacy of radiation therapy in reducing the incidence of HO following lower limb replacement. The most appropriate dose regimen appears to be 7 Gy to 8 Gy given as a single fraction either < four hours pre-operatively or < 72 hours post-operatively.
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Rationale for radiotherapy. The observation that ionising radiation could halt fracture healing was first made in a rat model, where a dose of 30 Gy given within one week of fracture was shown to prevent union. 50 The importance of timing was further reinforced with the demonstration that giving radiotherapy in the second week following implantation of demineralised bone matrix in a rat model resulted in the same degree of bone formation as in controls, whereas bone formation was significantly reduced in subjects receiving radiotherapy within the first week. 51 The mechanism of action was thought to be due to inhibition of the fast-dividing osteoprogenitor cells that are present within the first week and which then differentiate into mature cell types such as osteoblasts. The lower mitotic rate of mature cells protects them from the damage to DNA caused by radiation. Radiotherapy regimen. The first study describing the use of radiation therapy to prevent HO following hip replacement in high-risk patients employed a total dose of 20 Gy in fractions (ten separate doses totalling 20 Gy). 52 Once the effectiveness of radiation therapy had been established, subsequent investigations examined the possibility of reducing the dose used. In a retrospective series 53 a dose of 10 Gy in five fractions was found to be as effective as 20 Gy in ten fractions. The role of fractionated radiation therapy versus single-dose therapy was investigated in two independent studies. 47, 48 Both concluded that a single dose of 7 Gy to 8 Gy was as effective as fractionated therapy. Further reductions in dose may be less effective. A retrospective analysis of 107 hips given either 5.5 Gy or 7 Gy in a single dose showed that two patients receiving 7 Gy developed clinically significant HO (Brooker 3 or 4), whereas four in the 5.5 Gy group developed this level of HO. 54 The authors concluded that 5.5 Gy is not sufficient for prophylaxis. A prospective randomised trial investigated the difference in the rate of HO after prophylaxis with either 5 Gy in two fractions or 10 Gy in five fractions. Of 19 patients receiving 5 Gy, two developed clinically significant HO, compared to one of 30 receiving 10 Gy. 38 The authors concluded that there was no significant difference between the two groups, but acknowledged that a true difference may not have been observed owing to the small sample size. It seems that a dose of 7 Gy to 8 Gy given in a single dose is both efficacious and convenient for patients undergoing replacement.
The timing of prophylaxis with radiotherapy has also been investigated. One randomised controlled trial compared a single dose of 7 Gy given less than four hours before operation with 17.5 Gy (five fractions) given within 72 hours of surgery. 55 The authors found a statistically significant difference in favour of post-operative therapy, although the disparity in dose between the two groups clouded this conclusion. A second randomised trial comparing 7 Gy to 8 Gy given in one dose either less than four hours before surgery or within 72 hours afterwards showed no significant difference in the rate of HO between the two groups. 49 In patients receiving uncemented implants consideration should be given to shielding the prosthesis when radiotherapy is given after operation. As the prosthesis relies on bony ingrowth for long-term fixation, there is a potential for radiation therapy to adversely affect the long-term survival of the implant. Although no clinical data exist to support this hypothesis, an animal study showed that at two weeks the pull-out strength of porous-coated rods inserted into rabbit tibiae was significantly reduced in those cases that had been treated with 10 Gy of post-operative radiation therapy. This difference was not observed at three weeks following the radiation therapy. 56 Shielding of the prosthesis raises concerns regarding the reduction of efficacy of the prophylaxis. One study retrospectively reviewed the rate of HO in 'at-risk' patients who received 15 Gy within 48 hours of surgery. The prostheses were shielded using Cerrobend blocks (Cerro Metal Products, Bellefonte, Pennsylvania). Only two of 18 patients developed HO (Brooker 1). 57 Although the authors concluded that shielding does not impair the efficacy of radiation therapy, the dose used was relatively high and the same may not be true for lower doses. When cemented implants are used there is no need to shield the implant, as secure long-term fixation is achieved intra-operatively. Complications of prophylaxis with radiotherapy. The use of radiation therapy raises concerns about complications. There have been no documented cases of radiation-induced tumours following the use of radiotherapy for HO prophylaxis, and it has been recorded that no radiationinduced tumours occurred in patients receiving less than 30 Gy radiation therapy in a 50-year review of radiation-induced sarcomas. 58 The radiation dose to the testes is also of concern. One study evaluated the dose received at this site when prophylaxis was given with 8 Gy. Without a testicular shield the dose received was 0.25 Gy; with a shield the dose was reduced to 0.11 Gy. 59 Radiation-induced testicular damage is dose dependent. The testis is very radiosensitive and changes to spermatogenesis have been reported following as little as 0.2 Gy. 60 An account of patients who had received low-dose scattered irradiation during treatment of Hodgkin's disease showed that testicular doses of less than 0.2 Gy had no significant effect on follicle-stimulating hormone levels or sperm counts, but doses between 0.2 Gy and 0.7 Gy caused a transient dose-dependent increase in follicle-stimulating hormone and a reduction in sperm concentration, with a return to normal values within 12 to 24 months. 61 It therefore seems likely that, with the use of a testicular shield, prophylaxis with radiotherapy is safe.
Radiotherapy is known to influence fracture healing 50 and therefore, when it is given following replacement of the hip performed via a trochanteric osteotomy, consideration should be given to shielding the osteotomy site. Trochanteric nonunion is reported to occur in 1.8% to 15% of cases, 47, 62 with the rate raising to 12% and 30% following radiation therapy. 47, 48, 52 Few data exist regarding the potential reduction in efficacy of radiation therapy when the osteotomy site is shielded, although some shielding of the gluteal muscles may occur if the whole trochanter is protected.
Comparison of radiotherapy and NSAIDs. Whereas the effectiveness of both radiation therapy and NSAIDs has been extensively studied, there is significant variability in the timing and duration of treatment, the daily dosage and the type of NSAID used. 49, 55, [63] [64] [65] [66] Several randomised controlled trials comparing NSAID and radiation therapy prophylaxis have been performed in THR. [67] [68] [69] [70] [71] [72] These are summarised in Table II. A meta-analysis of randomised trials has recently been published. 73 Although two of the studies included acetabular fractures, the overall conclusions of the study were that radiation therapy was more efficient than NSAIDs at preventing Brooker grades 3 and 4 (risk ratio 0.42; 95% confidence interval (CI) 0.18 to 0.97) or any HO (risk ratio 0.75; 95% CI 0.37 to 1.71), the overall difference in absolute risk is, however, small. Combination therapy. The combination of radiation therapy and NSAID as a prophylaxis was first suggested by Moed and Letournel 74 more than a decade ago. However, no further information was available on this subject until the publication of two recent retrospective studies. 75, 76 The first of these investigated the combination of 7 Gy postoperative radiation therapy and 75 mg indometacin for 15 days in patients with either hypertrophic osteoarthritis or previous HO formation undergoing THR. Of 54 patients followed up for one year, only one developed clinically significant HO. 75 The second study analysed the incidence of HO following operative treatment of acetabular fractures in 24 patients who received 7 Gy post-operative radiation therapy and 75 mg indometacin for six weeks. 76 One patient developed HO. The authors compared this with previous studies in the literature and concluded that the combination therapy was associated with the lowest rate of HO. No side effects secondary to the prophylaxis were reported in either study. Clearly, more powerful randomised trials are required to assess the merits of combined versus single therapy. However, the effects of treatment with differing modes of action might be expected to be enhanced. Such combined prophylaxis should be considered for those patients at highest risk of HO, namely those undergoing surgical excision of symptomatic HO with or without concomitant primary or revision arthroplasty. 
Conclusion
Heterotopic ossification following replacement of joints in the lower limb is common but rarely results in significant symptoms. Based on current evidence, there is no indication to give prophylactic treatment following routine replacement. Primary prevention may be advocated for 'high-risk' patients, although the definition of 'high risk' varies. Prophylaxis with radiotherapy appears to be marginally more effective than medication with NSAIDs, although these are cheaper and easier to use after operation. Prophylaxis against recurrence should be used in those patients undergoing excision of symptomatic HO. There may be some justification for combining radiotherapy and NSAIDs in these patients. The understanding of the pathophysiology of HO has advanced in recent years and may allow the development of newer, safer methods of treatment in the future.
